Three-dimensional sonography is being cited more frequently as a means of further evaluating the patient and better defining the pathological condition. One of the main limitations of fully implementing 3D imaging in the sonography department is the limited experience and limited time to educate working sonographers on how to fully understand and use this technology. Deliberate and planned educational activities designed to meet the educational needs of working sonographers may be a way to increase the clinical use of 3D technology in the clinical sonography department.
Much of traditional sonography education has been developed by teaching individuals how to recognize normal anatomy from pathological conditions. For example, educators teach students how to recognize the difference between normal liver parenchyma from a hemangioma or from liver metastases. Once pattern recognition is in place, sonographers begin to learn how to tailor the examination to answer the clinical question. Another example is in the setting of a positive pregnancy test and no visible intrauterine pregnancy. In this case, the sonographer tailors the examination to evaluate for an ectopic pregnancy. The sonographer images in the cul-de-sac, the adenexae, and any other area that the patient is exhibiting pain until the probable ectopic pregnancy is found, or the sonographer is convinced that an ectopic pregnancy is not seen.
Three-dimensional sonography is a newer technology in the field, and there has not been time for many sonographers to learn the concepts or the pattern recognition of the 3D volume data set. Acquiring the volume data set is not that different from producing a 2D image, but evaluating this volume data set of information-for example, in the case in which the gallbladder now appears opaque (see Figure 1 )-is a very different and new skill. Also, thinking about how to adjust the Z-axis (slice thickness) to get to the area of interest is a difficult skill to acquire (see Figure 2 ). Jenkins et al. 1 noted that incorporation of 3D technology into the echocardiography department was limited by experience, but after participation in an interactive course with rehearsal and direct mentoring, one was better equipped to use the new technology.
At the institution where this training took place, the investigators were unable to perform a dedicated day of rehearsal and mentoring but instead developed an online course for sonographers interested in learning 3D clinical imaging and an after-hours face-to-face hands-on learning session. This combination of online learning and faceto-face learning is referred to as hybrid or blended learning.
Hybrid learning theory is a newer concept in the scope of educational practices and has been shown to be effective in the area of health care education. It has been estimated that 50% of health care employees become outdated within three to five years if not continually educated on advances in their field. 2 With this in mind, we sought to study whether hybrid learning theory could be used to teach working sonographers how to obtain and reconstruct 3D volume data sets from the thyroid, kidney, and female pelvis.
Background
Implementation of 3D and 4D sonography can be useful in aiding in the visualization of small parts and abdominal, cardiac, obstetrical, and pelvic structures. Studies have been completed comparing the time spent acquiring a 3D volume sweep and reconstructing the saved images with the time it takes to look at the same structures in a 2D plane. 3 Three-dimensional sonography has been proven to have significantly better workroom time efficiency than traditional 2D sonography. 3, 4 Hagel and Bicknell 4 found that 3D sonography allowed for improvement in workroom time efficiency when implemented for pelvic, small-parts, renal, and shoulder sonography examinations. In this study, 23 patients underwent 3D sonographic examinations on a single day. 4 Another random sample of 40 patients underwent standard 2D imaging the following day. The mean time for the 3D cohort was 11.48 ± 3.55 minutes, and the mean time for the 2D cohort was 25.30 ± 11.64 minutes. 4 This study concluded that performing 3D sweeps led to a faster examination time for the patient and enhanced work flow for the sonography department. 4 Benacerraf et al. 3 also reported advantages to using 3D sonography in conjunction with 2D sonography. They found that 3D sonography allowed for better time management, less sonographer dependence, and a faster examination time for the patient. 3 By incorporating 3D volume data acquisition, sonologists can view the volume data offline and have multiple image slices to choose from when taking the measurements, rather than relying on a single set of fixed images that are dependant on the skill of the sonographer. 3 After reviewing the literature and analyzing the potential benefits that 3D imaging may bring to clinical practice, we embarked on a study to see if hybrid learning theory could be used to teach working sonographers how to acquire and reconstruct 3D volume sets.
Methods
This study used the qualitative methods of in-depth interviews, participant observation, and postcourse survey tools to evaluate the participants' perception of this training activity. The research question asked was, "Can hybrid learning theory be used to teach working sonographers how to utilize 3D technology in a sonography department?"
After receiving exempt status from our institutional review board, the primary investigator, along with two student researchers and an additional instructor, recruited practicing sonographers who worked in a radiology sonography department. The three recruited sonographers were registered with the American Registry of Diagnostic Medical Sonography (ARDMS).
Once recruited to the study, the sonographers were given access to the online learning modules. A sample of the online learning module and posttest is demonstrated in Figures 3 and 4 .
Once the posttests were completed, participants were invited to attend a face-to-face (instructor-led) training session that also included a hands-on reconstructing session. There were three lectures given at the face-to-face session. The first lecture focused on hands-on training for manipulating a data set of the female pelvis. Participants were assigned a laptop with GE Voluson 4D View software and a data set from an endovaginal female pelvis scan. Participants followed step-by-step directions with the instructor on how to acquire the standard 2D images from the 3D volume data set. The second lecture was a case presentation describing how to image the thyroid and obtain a 3D volume set. Lecture 3 was a presentation detailing how to acquire a volume set of the native right kidney. The last two lectures included step-by-step instructions for reconstructing the data sets to obtain the standard 2D images of the thyroid and native kidney.
After the initial lectures, the participants were taken to the radiology sonography department and reconstructed a thyroid volume data set (test 1) and a kidney volume data set on the workstation (test 2). Participants were asked to use the step-by-step instructions received earlier in the lectures to reconstruct the test 1 and test 2 volume data sets. Observation notes were taken at this time.
Data Collection
In-depth individual interviews were conducted with each of the participating sonographers. Open-ended questions were used, which led to additional questions (see Table 1 ). The interviews were guided to see how much information sonographers retained from the online modules and the face-to-face hands-on learning sessions with regard to reconstructing 3D volume data sets. Open-ended questions led to discussion about how the participants initially learned 3D sonography and how they felt about this training session. At the conclusion, the primary investigator read back the answers to the questions. The primary investigator then asked the participants to confirm their answers and to reflect on any additional information they wished to share.
The interviews and field notes were entered into the Ethnograph software and coded to look for emerging themes. The themes that emerged were (1) frustration with using this technology, (2) too much information to take in, (3) importance of imaging the coronal plane, and (4) quest for more learning.
One week after the completion of the face-to-face session, participants were asked to complete a postcourse survey. A summary of the postcourse survey results is provided in Table 2 .
Data Analysis
The data were analyzed by reviewing the participants'
responses to the open-ended questions and their own statements on whether they could perform three reconstructions after this training of the female pelvis, thyroid, and kidney. The final analysis was the interpretation of these findings in the context of how hybrid learning theory may be used to teach working sonographers about the clinical use of 3D sonography.
Results
The themes that resulted from the coded data were (1) frustration with using this technology, (2) too much information to take in, (3) importance of imaging the coronal plane, and (4) quest for more learning (see Table 2 ). Theme 1 was repeated by observational notes as participants would get frustrated trying to manipulate and reconstruct the data at the workstation. Participants repeated that there was too much to remember because there were numerous ways to manipulate the data set. Participants also repeated that without using this technology and information on a daily basis and working with someone who would solely teach them and be available to answer questions, this would be very overwhelming. One participant even stated that "this is so hard to get your arms around . . . there is no way you can learn three imaging protocols and construction steps in one four-hour session" and "while I certainly feel this was a good learning experience, I could not go and do this independently tomorrow." For many sonographers, this is how they are used to learning: once shown, they can practice and do. "The frustration for utilizing three-dimensional technology is that there are so many steps to remember and that all ultrasound systems work a little different, and then each work station is different, that there is just so much to remember." "This is just something I will need to practice over and over." While watching the participants perform the data reconstructions, it was also noted that the surfacerendering mode was not as easily understood as well as the sectional plane display. Participants needed prompting to learn the functions of the workstation to complete the 3D reconstructions in a timely manner.
Theme 2 emerged with further questioning-that by the time the participants understood the thyroid, the instructors were on to the endovaginal pelvis. Although the participants understood the planes better, when demonstrating how to make a movie and/or scalpel to the area of interest, the participants felt that they had already forgotten all the steps for the previous organ system demonstrated. We acknowledge that an ambitious agenda was developed and that, retrospectively, it may have been better to focus on one examination that the department was ready to implement as a 3D volume protocol and therefore would allow additional practice and reinforcement in the daily work. Another participant stated not being able to appreciate the value of What is different about the 3D imaging protocol for you compared to the traditional 2D protocol? 3
Do you feel that you tailor the exam differently for the 3D reconstruction protocol versus the 2D protocol? 4
How would you utilize translation to view the kidney in data set test 1? 5
What do you think 3D technology adds to this exam? 6
What are the steps for reconstructing the standard 2D images for a thyroid as in the volume data set test 2?
3D technology, as it seemed to take longer (while having the sonographer complete the reconstruction), but if the value were evident, this participant would be more likely to use it. One participant did pause to remember a study that was enhanced because a coronal plane image of the uterus was obtained, and therefore this sonographer saw the value of using the third dimension. Theme 3, the importance of the coronal plane, was verbalized by all participants, and all three verbalized a special interest in being able to obtain the coronal view of the uterus. Theme 4, quest for knowledge, related that although all participants explained the feelings of frustration and being overwhelmed, they did feel that they had a better grasp of the steps and an appreciation of how this technology could be potentially used to assist with diagnosis, especially of uterine pathology and congenital anomalies. All three stated that they enjoyed the hybrid learning format and that the posttest was helpful because it forced them to read the assignments. The participants did feel prepared for the faceto-face session and believed that they came into the faceto-face session with some knowledge of the vocabulary (i.e., voxel, translation) and knowledge of the planes (X, Y, and Z). A sample module is provided in the appendix. One participant even stated that this training provided motivation to learn more about 3D technology and how to use it in the clinical setting.
Discussion
In order for individuals and institutions to remain competitive, education concerning the various changes and advancements is necessary. 2 Hybrid learning incorporates the use of classroom, or face-to-face time, with online computerbased education. 2 Hybrid learning education research has demonstrated that students are satisfied with not only the learning outcomes but also the learning process. 5 In other disciplines, such as teacher education, Webbased teacher upgrade programs have been developed. 6 Chatterjea 6 analyzed the development of a Web-based teacher upgrade program to keep teachers abreast of curriculum changes and the use of information technology in teaching and learning.
According to Chatterjea, 6 success of a Web-based educational program for working adults is based on five lessons. Lesson 1, the course should be designed so that the learner receives exactly what he or she needs. Thus, those with advanced skills may not need as much information as those with beginner skills. Learners with beginner skills should be provided additional remedial information (i.e., educational exercises) to bring their skills up to the needed course-level mastery before moving on with new information. With regard to this research, there was too much information presented. If a manager were to consider implementing the use of hybrid learning to teach working sonographers 3D imaging, he or she should start with one examination. The examination chosen should be the one that sonographers would most likely be scanning on a daily basis.
The second lesson espoused by Chatterjea 6 is that learners expect to get information from their Web-based class, much the same way they do from their face-to-face classes. To account for this, the Web-based course format needs to be designed to account for similar experiences in a classroom. In this study, we tried to make the course similar to a question-answer session by asking participants to take a posttest that asked questions about the key concepts in each learning module. Lesson 3, stated by Chatterjea, 6(p52) is "freedom from routine learning schedules." For this study, all participants did enjoy the online learning modules and did like the fact that they could review the material as often as possible and when their schedule allowed them to study. Completing the online learning materials prior to the face-to-face session was helpful. 2.66 3, 2, 3 The hands-on session at the face-to-face learning session assisted me with learning how to work with a 3D data set.
3, 3, 2
I feel that I can manipulate a 3D data set of the kidney to obtain standard 2D images. 1.66 2, 2, 1 I feel that I can manipulate a 3D data set of the thyroid to obtain standard 2D images.
2.00 2, 2, 2 I plan to implement 3D data imaging into all of my kidney and thyroid studies when I am working on the 3D machine.
1, 1, 0
This course assisted me to learn how to manipulate 3D volume data sets. 2.00 2, 2, 2 The online posttests allowed me to demonstrate my mastery of the information presented.
2.00 3, 1, 2 I felt confident working with the 3D volume data set tests.
1.33 2, 1, 1
Participants were asked to complete a posttest course survey with a rating scale of -3 (strongly disagree) to 3 (strongly agree). Three surveys were returned.
Lesson 4 states that students may be used to face-to-face dialogue with colleagues and that those not used to using an online discussion board may feel somewhat disconnected. Therefore, when developing an online course, the course developer should consider how to implant this sharing of ideas and provide instruction or dedicated assignments for online discussion. In this study, we did have a face-to-face session where peers could communicate and ask questions, so this was not applicable.
Lesson 5 discussed by Chatterjea 6(p52) states that "having some synchronous sessions does help keep learners in line with the flow of the course" if travel distance permits. For this research, there was a face-to-face synchronous session that assisted learners with performing the hands-on reconstructing of data sets.
Although participants in this study did feel overwhelmed at the time of the hands-on learning sessions, the postcourse surveys, as well as the in-depth interviews, did demonstrate that participants did enjoy the online modules and the ability to access information and take a posttest at a time that was convenient for them. When asked on the posttest course surveys whether the participant plans "to implement 3D data imaging into all of my kidney and thyroid studies when I am working on the 3D machine," the responses were 1, 1, and 0, thus indicating that there was virtually no change in wanting to implement this into all examinations that had been discussed in the training. In reviewing the curriculum, we acknowledge that more emphasis was placed on the "how to" versus "why one would want to" incorporate this into his or her routine protocol. For future courses, it would be helpful to have the technical director or medical director assist with developing the importance and practical aspects of implementing 3D technology into the clinical sonography department. Incorporating department leadership into the training would help to address why it is important to incorporate 3D technology into certain imaging protocols and how this technology can help answer certain clinical questions.
Others 6 have stated that online course development for working professionals (teachers) needs to have the following considerations addressed prior to implementation: the course needs to (1) be goal oriented and adaptive, (2) allow for open communication, (3) have availability of repetition, and (4) consider asynchronous versus synchronous options. The results of this research suggest that if a manager were to use hybrid learning theory to teach working sonographers 3D technology, the following steps should be performed.
Step 1: Identify your goal. For example, at the conclusion of this course, participants will be able to take a volume data set of an endovaginal uterus and produce a coronal image at the level of the endometrium. The goal should be specific and measurable. For this example, the measurable component would be that all participants would be able to produce a reconstructed coronal image of the endometrium. The results of this research suggest that a more specific and focused goal should have been developed for successful implementation to be achieved. We acknowledge that too many organ protocols and reconstructions were presented in the four-hour hands-on session for successful mastery to be achieved.
Step 2: Allow for communication in your course design. Based on our research, a hands-on component is essential. Therefore, an online module with a synchronous face-toface session is desirable. Sonographers need to be able to practice and have immediate feedback. The same organ with multiple data set examples to practice over and over again is recommended.
Step 3: Repetition. The course modules and posttests should be developed so that participants can look at them as many times as necessary to feel comfortable with the information. To address the potential differences in mastered knowledge regarding 3D sonography, the course developer could provide links to other Web sites with more beginner information or should consider developing a review module to ensure that all participants are able to come to the face-to-face session with mastery of the same baseline knowledge.
Step 4: Consider synchronous and asynchronous learning formats. Based on the responses from the participants in this study, more hands-on practice was needed to feel comfortable, with a smaller amount of information provided. Providing an online module covering one organ, with steps for reconstructing, should be offered. Once the online module and posttest are completed, multiple hands-on learning sessions should be offered until the sonographers feel comfortable with reconstructing the one organ.
Conclusion
In summary, hybrid learning can serve as a useful tool to implement 3D technology in the clinical sonography department. It should be noted that to further enhance implementation and decrease frustration of staff, the modules should be focused on one organ system, and then reconstruction should be taught on that same single organ system. The selection of which organ system to begin with should be based on the clinical department focus on how to implement the 3D sweeps and incorporate them into their protocols. For example, if a department is going to require a coronal view of the uterus for all endovaginal sonographic examinations, then it would be practical to begin with that organ system. Once mastery is completed on one facet of this technology's use, the curriculum can move on to the next organ system.
